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UV satellite remote sensing of volcanic SO2
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Explosive volcanic SO2 emissions (1978 – present)

Carn et al., JVGR [2016]

~1000 eruptions; ~113 Tg total SO2



New global volcanic SO2 emissions inventory

[Andres & Kasgnoc, JGR, 1998]

[Carn et al., 2017]

• Volcanic degassing ‘source term’ 
in atmospheric chemistry and 
climate models
• Climate impact of  tropospheric 
volcanic emissions (sulfate 
aerosol)
• Estimation of  global fluxes of  
other volcanic gases (e.g., CO2) 
and trace metals (e.g., Hg)

[Fioletov et al., 2016]

Passive degassing



Volcanic SO2 sources in Indonesia

2005-2007 mean
OMI SO2 column

• Globally, 90-100 volcanic SO2 sources quantified (many for the first time)
• Total SO2 flux of  23+/-2 Tg/yr (~63 kt/day)
• Volcanic emissions dominate in many regions 

Fioletov et al., 2016
Carn et al., 2017



Improved estimates of volcanic CO2 emissions

• CO2/SO2 ratios measured at many of the strongest SO2 sources
• ~50% of SO2 sources still lack CO2 data – efforts underway to address this

Top 91 volcanic SO2

sources detected in 
Aura/OMI data
(2005-2015)

~220-300 Tg/yr CO2 (subaerial)
Fischer et al., Sci. Rep. (in review)
Werner et al., in press



Trends in tropospheric volcanic SO2 emissions

• Aura has captured volcanoes at various stages in their ‘life-cycles’
• ~30% of volcanic SO2 sources show significant +/- trends in emissions
• ~80% of sources also erupted during the decade

[Carn et al., 2017]



Trends in SO2 emissions at erupting volcanoes

• SO2 time-series aligned 
with eruption year at zero
• Syn- or post-eruptive peak 
in SO2 emissions
• Pre-eruptive increasing 
trend -> potential tool for 
eruption forecasting

Symbol = max SO2 flux SO2 flux  trend 
(tons day-1)/year

Erupting
(VEI ≥ 3) 283

Non-erupting 116



Identifying ‘pre-eruptive’ SO2 emissions

• Long-term Aura/OMI 
record constrains 
magnitude of ‘typical’ 
volcanic SO2 emissions
• At Ulawun volcano (PNG), 
SO2 emissions ~5σ above 
decadal mean measured 
prior to major eruption on 
June 26

Mean: 640±511 tons/day

SO2 flux: 3100-3600 tons/day

Ulawun



Eruption of Ulawun (Papua New Guinea) – June 26, 2019

Largest eruption of Ulawun since 1980

CIRA/RAMMB

• NASA aims to sample volcanic eruption clouds – need advance warning



Population exposure to volcanic SO2

• Satellite & census data 
permit estimation of 
population exposure to 
SO2 pollution (e.g., Li et 
al., 2017)
• Exposure to volcanic 
SO2 (and other volcanic 
emissions) is not well 
constrained and can be 
a significant, chronic 
hazard
• Goal: methodology for 
producing first volcanic 
gas ‘hazard maps’

2005-2007 mean
OMI SO2 column



Volcanic air pollution at Masaya (Nicaragua) 

Delmelle et al. (2002)

2005-2007 mean
OMI SO2 column

Masaya, Nicaragua (http://vumo.cloud)

Ground-level SO2 (ppbv)



Summary

~15 years of Aura/OMI SO2 measurements have provided 
new insight into volcanic degassing, paving the way for new 
studies of pre-eruptive degassing, probabilistic eruption 
forecasting and the health impacts of volcanic gases.

Volcanoes

Power plants

[Fioletov et al., 2016]

For volcanic emissions, the longer the time-series, the better

SO2


